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Freshwater systems and their associated biodiversity are among the most threatened
ecosystems globally. The greatest threats to freshwater fishes are the introduction
and spread of non-native species, pollution, habitat degradation and loss, and
overexploitation. While many regions across the world contain extensive networks of
protected areas, these are largely ineffective for protecting riverine systems and their
biodiversity. This is because they were designed with the aim of prioritising conservation
of terrestrial biodiversity, with limited or no consideration for aquatic systems. The Cape
Fold Ecoregion, located within the Western and Eastern Cape Provinces of South Africa,
is home to the highest percentage of threatened freshwater fishes in the country.
The region has an extensive protected area network that protects a wide array of
ecosystems, but limited information exists on the role of protected areas in conserving
the endemic freshwater fish fauna of this region. This study evaluated the value of
protected areas for protection of freshwater fishes in the Western Cape Province by
setting species conservation targets and then intersecting species distribution data with
protected area polygons. Conservation targets were set to protect the minimum viable
population required for long-term persistence, with a minimum of 10 subpopulations as
a target. This, along with other factors such as population viability and protected area
effectiveness was used to determine whether a species was effectively protected by the
current protected area network. Species were classified into one of four categories;
(1) “well protected,” (2) “moderately protected,” (3) “poorly protected,” and (4) “not
protected.” Our results indicate that the majority of native fishes are inadequately
protected within the current protected area network in the province. This is mainly a
result of the linear nature of riverine ecosystems that exposes them to impacts and
threats that emanate from outside of the protected area. These limitations are not unique
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to the CFE, and our findings have broader implications as they highlight the need for
integrating both the riverine and terrestrial ecosystems in the design, expansion and
management of protected areas. This will enhance and maximise conservation and
protection of riverine systems and their unique biodiversity.
Keywords: Cape Fold Ecoregion, freshwater fish, biodiversity, protected area effectiveness, invasive fish,
conservation interventions
INTRODUCTION
Freshwater fishes are one of the most imperilled vertebrate
groups globally (Reid et al., 2013). The introduction and spread
of non-native species, pollution, habitat degradation and loss,
hydrological modifications, construction of instream barriers,
excessive water abstraction, overexploitation and intensification
of agricultural activities have been identified as the key threats
to freshwater ecosystems and their biodiversity (Ricciardi and
Rasmussen, 1999; Collares-Pereira and Cowx, 2004; Dudgeon
et al., 2006; Darwall et al., 2011; Laurance et al., 2014). Because
of these multiple impacts and threats, freshwater ecosystems
continue to receive increasing global attention in a quest to
determine effective ways to mitigate against the projected mass
extinction of freshwater fishes (Ricciardi and Rasmussen, 1999;
Azevedo-Santos et al., 2019). Although many regions across
the world contain extensive networks of protected areas, their
effectiveness in protecting riverine systems and their biodiversity
has been increasingly questioned over recent years. This is
because historically the designation of protected areas was
largely informed by the need to protect terrestrial biodiversity
(Thieme et al., 2012; Juffe-Bignoli et al., 2016; Azevedo-
Santos et al., 2019). Despite being ranked as the most highly
threatened ecosystems globally, freshwater systems have been
overlooked in the designation of protected areas, and often,
their inclusion in current protected areas has mainly been
coincidental rather than intentional (Abell et al., 2011). The
lack of integration of freshwater systems in protected area
designation and establishment has been identified as the main
reason for their limited efficacy in protecting freshwater fishes,
for example large migratory fishes that require large areas to
complete their life cycles are considered to be poorly protected in
Brazil (Azevedo-Santos et al., 2019). Similarly, Chessman (2013)
reported that protected areas offered no real benefit to the native
fish in the Murray–Darling Basin of Australia, because they did
not effectively mitigate threats related to non-native fish and
alteration of water regimes. Lawrence et al. (2011) reported that
while nearly two-thirds of native fishes occur in national parks in
the United States, only 18% of highly imperilled fish species are
represented within protected areas.
In a systematic evidence review of case studies of protected
areas and freshwater biodiversity, Acreman et al. (2019) reported
that just over half of these areas had positive outcomes for
freshwater biodiversity. Reasons for reduced effectiveness include
inadequate connectivity within freshwater ecosystems, lack of
protection for migratory species beyond designated areas, limited
control over threats from outside the protected area and the
absence of a whole catchment approach (Acreman et al., 2019).
From this, it is evident that the degree of protection for riverine
ecosystems is largely dependent on the location of the protected
area within the landscape. This is because the linear nature of
riverine ecosystems exposes them to impacts and disturbances
that occur outside the protected area and can be transmitted
downstream from the point of impact for distances proportional
to the scale and nature of the disturbance (Davies et al., 1993;
Skelton et al., 1995). Protected areas located in headwater sections
of catchments are also only likely to be effective in protecting a
limited number of fish species that are associated with mountain
streams, but will provide no protection to taxa in the lower
sections of rivers with gentle gradients where there is increased
intensity of human activities. Rivers are also inextricably linked to
their catchments, and as such, some disturbances that may occur
outside the protected area (for example introduction of non-
native species) could spread and impact the whole catchment,
including sections in the protected area (Wilkinson et al.,
2018). The effectiveness of a protected area is therefore strongly
determined by the extent of the catchment included within the
protected area, as well as location and configuration of the
reserve with respect to the catchment area (Skelton et al., 1995;
Saunders et al., 2002; Collares-Pereira and Cowx, 2004; Juffe-
Bignoli et al., 2016). For reserves located in headwater sections of
rivers, instream barriers located in the lower sections can prevent
upstream invasion and establishment of non-native fish species
(Fausch et al., 2009; Ellender et al., 2011).
In southern Africa, the highest concentration of threatened
freshwater fish is found in the Cape Fold Ecoregion (CFE) located
at the southern tip of the continent, where more than 50% of the
endemic fish fauna are listed in highly threatened categories of the
IUCN as Critically Endangered (11%), Endangered (33%), and
Vulnerable (11%). Indeed, evidence from previous and ongoing
studies indicate that the number of threatened species in the CFE
remains severely underestimated. Some of the species that are
currently listed as Data Deficient or Least Concern, for example
Cape kurper Sandelia capensis, Cape galaxias Galaxias zebratus,
and chubbyhead barb Enteromius anoplus are complexes of
several narrow range endemic lineages, some of which are likely
to represent distinct species (Chakona et al., 2013; Bronaugh
et al., 2020). Non-native piscivores and habitat degradation are
ranked as the greatest threats to freshwater fishes of the CFE
(Tweddle et al., 2009; Ellender and Weyl, 2014). A total of 15
introduced species have become established in the CFE, with
some, such as common carp Cyprinus carpio, rainbow trout
Oncorhynchus mykiss, basses (Micropterus spp.), and bluegill
sunfish Lepomis macrochirus having widespread distributions
that extend into rivers in formally protected areas (Jordaan et al.,
2012). These species affect native species through predation,
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habitat alteration, competition for resources, the introduction of
diseases and the disruption of ecological processes (De Moor and
Bruton, 1988; Ellender and Weyl, 2014). The primary impact
is predation and this has resulted in the extirpation of most
native species from mainstream rivers and many tributaries
within the CFE (Weyl et al., 2014; Van der Walt et al., 2016).
Remnant populations of native species are now limited to upper
reaches of tributaries above waterfalls and other barriers that
prevent range expansion of non-native species (Skelton, 2001;
Chakona et al., 2013, 2020).
While multiple anthropogenic impacts have transformed
much of the landscape and riverscapes in the CFE, the
region also has a comprehensive network of formally protected
areas declared under the National Environmental Management:
Protected Areas Act (Act 57 of 2003). These protected areas are
essential tools for the conservation of biodiversity and prevent
land-use practices that could impact ecosystem integrity (Gray
et al., 2016). As with many other parts of the world, the
current protected area network in the region is mostly a result
of opportunistic reservations over time. In the past, there was
limited formal conservation planning to ensure representation
of both the patterns (taxa and land classes) and processes that
underpin the persistence of biodiversity (DEA, 2016). Within
the CFE, for example, establishment of protected areas almost
exclusively focused on the protection of terrestrial ecosystems,
especially endemic vegetation types (Wicht, 1945; Rebelo, 1997;
van Wilgen et al., 2016). In recent years (since 2008), South Africa
has invested in a National Protected Area Expansion Strategy
(NPAES) to address this shortfall (DEA, 2016). Other areas that
were also afforded protection included economically marginal
regions that were less suitable for agricultural development or
human habitation and where reservation costs were low (Rebelo,
1997). In the CFE, this resulted in a protected area network
that predominantly comprises rugged, high altitude mountain
areas, whereas the economically productive lowland areas have
been heavily transformed through various land-use activities
(Rouget et al., 2003b).
There is growing realisation that the existing protected area
network is inadequate for conserving both aquatic and terrestrial
biodiversity in South Africa, as for example, more than 30%
of river types and 25% of vegetation types are not represented
within conservation areas in the country (Rebelo, 1997; Nel et al.,
2009). This prompted the need for expansion of protected areas,
but there are concerns that these actions may not achieve the
desired conservation outcomes as expansions are likely to be
biased towards focusing on areas adjacent to existing protected
(mainly high altitude) areas to facilitate management (Rouget
et al., 2003a). This is a significant cause for concern given
the ongoing and increasing levels of land transformation and
loss of biodiversity in lowland areas (Rouget et al., 2003a;
van Wilgen et al., 2016).
In light of the ongoing and projected threats to the endemic
freshwater fish fauna of the CFE (Ellender et al., 2017; Shelton
et al., 2018), there is need for an assessment of the effectiveness of
the current network of protected areas in mitigating these threats.
Although previous studies have documented the distribution and
conservation status of freshwater fishes in protected areas in
the country and the region (Skelton et al., 1995; Impson et al.,
2002; Russell, 2011), these studies did not evaluate long-term
persistence. This requires some consideration for whether the
population within the protected area is viable and what the
minimum number of these populations are for persistence of the
species into the future. The recent discovery of hidden diversity
and description of new species within a number of fish genera in
the CFE (e.g., Chakona et al., 2013) also necessitated the need to
update information on species distribution ranges and evaluate
the degree of protection afforded to them by formally protected
areas. The aim of the present study was thus 2-fold: (i) to provide
an updated inventory of species distributions in protected areas
that reflect the latest taxonomic information and, (ii) to assess the
effectiveness of the current protected area network in conserving
native freshwater fishes of the CFE. Given that these protected
areas were designated for protection of unique plant diversity,
particularly in high altitude areas, it was predicted that headwater
species would be better protected than lowland species.
MATERIALS AND METHODS
Input Data
Only native primary freshwater fishes were included in this
assessment and both obligate and facultative catadromous species
were excluded from the assessment. Other species excluded
were those of marine origin that can complete their life cycle
in freshwater such as the river goby Glossogobius calidus. Also
excluded were estuarine and marine species that enter freshwater
systems but do not maintain permanent breeding populations
in these rivers such as moonies (Monodactylus spp.). Extra-
limital populations of native fish species were not included in the
assessment irrespective of the conservation status of that species
and only populations within the native range of the species
were considered. Data Deficient species were excluded from this
assessment due to paucity of distribution data or as a result of
taxonomic uncertainty.
For the taxa included in the assessment, specimen-linked
point distribution data were obtained from the South African
Institute for Aquatic Biodiversity (SAIAB, 2016) for each of the
31 taxa assessed. This dataset formed the basis of the 2016 Red
List Assessment (RLA) of the freshwater fishes of South Africa
(SANBI, 2016). Prior to the current study and the RLA, all
distribution data were verified by taxon specialists and updated
where relevant to ensure that all recently collected data were
included and any data points based on possible misidentification
of species were excluded. The cleaned distribution data were
intersected with a polygon shapefile of South Africa’s protected
area network (Government of South Africa, 2010) using ArcGIS
software (Version 10). Protected areas recognised in terms of the
South African National Environmental Management: Protected
Areas Act (Act 57 of 2003) and considered secure into the
future were included (Forest Wilderness Areas, Forest Nature
Reserves, World Heritage Sites, Wilderness Areas, Provincial
Nature Reserves, Mountain Catchment Areas and National
Parks). This intersected data produced a list of protected areas
for each species. To ensure that no species was excluded from
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a protected due to differences in point data precision, after
intersecting the data, the inferred presence was determined by
examining the points near the boundary of the protected area
(≤1 km). Expert knowledge was used to infer the presence of
these species in a protected area, based on their knowledge of
the species ecology and whether suitable habitat was available
inside the protected area. For future iterations of this analysis,
these points should be ground-truthed. Further, when a protected
area had multiple geographically isolated sections, these were
assessed as individual protected areas and recorded individually
(Supplementary Appendix 1).
As non-native invasive fishes are considered a primary threat
to a large number of native freshwater fish taxa in Southern
Africa (Tweddle et al., 2009), their presence on a protected
area was one of the primary drivers affecting the scoring of the
effectiveness of the protected area. This required additional input
data on alien fish distributions and instream invasion barriers.
The primary sources of this information was unpublished survey
data and expert knowledge, supplemented with peer reviewed
literature where available. While impacts associated with changes
in water quality and quantity are also an important threat to
freshwater fishes, available data was too limited for inclusion
in the assessment.
Assessment Methodology
Pfab et al. (2011) provided conservation targets for species
persistence and the minimal number of subpopulations that are
needed to ensure survival into the future. Ideally, conservation
targets can be set in terms of a minimum viable population size
of 10, 000 individuals or 10 viable subpopulations per species,
supported by IUCN RLA criteria (IUCN 2001) and as proposed
by Pfab et al. (2011), respectively. However, there is limited
population density or abundance data available for the majority
of freshwater fishes of the region. In this study, conservation
targets could only be set in terms of the number of viable
subpopulations and not actual population sizes. Subpopulation
viability was determined based on information included in the
latest RLAs. All subpopulations on protected areas were scored
as either viable or not viable with default values of 1,000 or 100
individuals assigned, respectively (Supplementary Appendix 2).
In the case of more than one population of a species present in
the same protected area, the viability and protection level was
assessed at the individual subpopulation level and not at the
protected area level.
Furthermore, in the case of naturally range-restricted or
rare species, allowances were made for adjustments in the
conservation target to be less than 10 viable subpopulations
(representing a target of 10,000 individuals). An example of this
would be Barnard’s rock catfish Austroglanis barnardi which is
naturally range-restricted and warranted a reduced conservation
target of five viable subpopulations (representing a target of
5,000 individuals). When such adjustments were made, it was
motivated and open to review from other freshwater fish experts.
In future iterations of this analysis, a review process for such
adjustments is recommended. In cases where species were lost
from large sections of their natural distribution range due to
threats, conservation targets were not adjusted.
In addition to determining species representation within
protected areas, the effectiveness of the protected area in
safeguarding the species was also assessed. A default value of one
was assigned in the case of a protected area being highly effective
in protecting the species against major threats and ensuring
the long-term persistence of the population present within the
protected area. Default values of 0.5 and 0.1 were assigned to
“fair” and “poor” levels of protection afforded by the protected
area, where the protected area was either moderately effective in
mitigating some of the threat to the species (0.5) or completely
ineffective in mitigating the major threats (0.1). Given that non-
native invasive fishes, especially Micropterus spp. and O. mykiss
are considered the primary threat to the majority of native
Southern African freshwater fishes, any river within a protected
area where these species have become established were given a
poor protection score. This was irrespective of other variables
such as habitat availability and water quality within the protected
area. As many invasions occur from mainstream or downstream
sources, only rivers where the headwaters are fully within the
protected area and where known invasion barriers exist were
rated as having a fully effective protection function for the species
in question. Other threats were scored based on available data and
expert knowledge of the protected area.
In summary, the protection category was assigned based on
the number of individuals protected (a function of the number of
populations on protected areas as a function of their viability and
protection effectiveness), relative to the conservation target (set
as 10,000 individuals unless stated otherwise). This methodology
is presented in detail in Supplementary Appendix 2. Protection
categories were: “not protected”: <5% of the conservation target
met within protected areas; “poorly protected”: 5–49% of the
conservation target met within protected areas; “moderately
protected”: 50–99% of the conservation target met within
protected areas; “well protected”: 100% + of the conservation
target met within protected areas. These categories follow
from well-established and accepted ecosystem categories for
South African ecosystem protection level assessments (Driver
et al., 2012). It must be noted that a constraint to effectively
assessing all CFE fish species in terms of protection was variation
in data quality and quantity and to address this, a confidence
score (high, medium, or low) was awarded to each assessment.
RESULTS
Of the 45 known freshwater fish taxa in the CFE, 31 were assessed
using the described methodology. Species native to the CFE but
excluded from the current assessment due to either taxonomic
uncertainty or limited distribution data were E. anoplus,
Enteromius pallidus, G. zebratus, and S. capensis. The moggel
Labeo umbratus was also excluded as it has a wide distribution
range outside the CFE. For assessed taxa, a conservation target of
10 000 individuals were set with the exception of the Tradouw
redfin Pseudobarbus sp. nov. “Tradouw,” Krom River redfin
Pseudobarbus senticeps, Twee River redfin Sedercypris erubescens,
Doring River redfin Pseudobarbus sp. nov. “Doring,” Galaxias
sp. nov. “Goukou” and Barnard’s rock catfish Austroglanis
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barnardi (Table 1). These taxa are all highly range-restricted
and a conservation target of 10,000 individuals were considered
unrealistic. The conservation target was reduced to 5,000
individuals based on natural low abundance or restricted natural
distribution ranges. It was found that 112 out of the 163 (67%)
populations assessed was done with high confidence. Populations
with low confidence scores were sites where recent survey data
were not available and thus assessors relied on expert knowledge
of the past conditions of those areas to score population viability
and protected area effectiveness. Only eight (5%) populations
received a low score, highlighting the need for surveys in these
protected areas.
Results indicated that 21 of the 31 taxa (68%) are either
“poorly protected” (39%), “not protected” (10%) or are absent
from any form of formally protected area (19%). These categories
indicate that less than 49% of the conservation target for these
taxa are being met within the current protected area network.
For the remaining 10 taxa that were assessed, five (16%) were
“moderately protected” with an additional five (16%) considered
“well protected” (Table 1 and Figure 1). In terms of presence
on formally protected areas, 11 taxa (35%) occurred on 1–3
protected areas with an additional seven taxa (23%) present on
4–8 protected areas. Three taxa (10%) was recorded from 9 to 12
protected areas with 2 species (6%) present on 13–18 protected
areas and a further two being present on >18 formally protected
areas (Figure 2).
When considering protection level relative to conservation
status, it is evident that the majority of taxa in the “no intersect”
to “poorly protected” categories comprise Critically Endangered
(CR) and Endangered (EN) taxa (Figure 3). The only Vulnerable
(VU) taxa in these categories are two Galaxias lineages Galaxias
sp. nov. “Gouritz” and Galaxias sp. nov. “Goukou,” both of
which are listed under category D2 for small and restricted
populations that are at high risk from future threats. The only
Near Threatened (NT) species listed in the “poorly protected”
category is the Clanwilliam sawfin Cheilobarbus serra but it must
be noted that this species is close to meeting the criteria for being
“moderately protected” as 45% of the conservation target is being
met within formally protected areas (Table 1). For the category of
“moderately protected” one taxon is listed as CR, two as EN and
one each as VU and NT respectively. Of the five taxa that were
assessed as “well protected” four are listed as NT with one taxon
listed as VU (Figure 3).
When excluding protected area effectiveness from the analysis
and only considering the number of viable populations within a
protected area, all species improved in terms of the percentage
of the conservation target met within protected areas and 12
species changed protection category (Table 1 and Figure 4).
Three species changed status from “not protected” to “poorly
protected.” These species had one to two populations within
a protected area, however these populations were severely
impacted by non-native fish species as the protected areas did not
provide any mitigation against this threat. Six species changed
from “poorly protected” to “moderately protected” and three
moved from “moderately” to “well protected.” When considering
reduced protected areas effectiveness, the primary driver was the
presence of non-native fish species within the protected area
and the lack of control measures. Secondly, impacts associated
with poor land-use practices occurring outside the boundaries
of the protected area also served to reduce the effectiveness of
the protected area.
DISCUSSION
Based on available distribution data and using the methodology
that considers both species presence and protected area
effectiveness, there is evidence that the current protected area
network within the CFE is inadequate for the protection of
many freshwater fish taxa of the region. Alarmingly, 84% of
taxa are under-protected (16% “moderately protected,” 39%
“poorly protected,” 10% “not protected,” and 19% are completely
absent from formally protected areas). Only 16% of taxa can be
regarded as “well protected,” indicating that 100% or more of
the conservation target is being met within formally protected
areas. This is in contrast to Impson et al. (2002) who reported
the freshwater fishes of the CFE, including threatened taxa, to
be “well protected,” as only two of the 19 known taxa were
not recorded in protected areas. These apparently conflicting
results must however be interpreted with caution and can be
explained with three arguments. Firstly, there has been major
taxonomic revisions in the past decade, resulting in a different
compliment of species included in the present assessment to
those assessed by Impson et al. (2002). Secondly, while the former
study considered national parks, provincial nature reserves and
local authority nature reserves, the present study included all
areas declared under the National Environmental Management:
Protected Areas Act and thus assessed additional areas such as
mountain catchment areas and stewardship areas. Finally, while
Impson et al. (2002) only reported presence of native species
in protected areas, the present study quantified the number
of populations per area and evaluated the population viability
as well as the effectiveness of the protected area in terms of
mitigating major threats to the species, in order to give a better
indication of protected area functioning.
The poor protection afforded to native freshwater fishes by
protected areas, is not unique to the CFE, but is consistent
with findings from other regions including the United States
(e.g., Lawrence et al., 2011; Jenkins et al., 2015; Grantham et al.,
2017), Europe (e.g., Keith, 2000; Hermoso et al., 2015; Miranda
and Pino-del-Carpio, 2016), South America (Azevedo-Santos
et al., 2019), and Australia (Januchowski-Hartley et al., 2011).
The limited protection afforded by these areas are a result of
either limited representation of species, inadequate management
focused towards freshwater ecosystems or a combination of both.
In order to meet a set conservation targets, a species should not
only be present and viable in the protected area, but the protected
area must function to protect the species against significant
threats. In the case of freshwater fishes of the CFE, the primary
threats are non-native piscivores and loss of critical habitats or
deterioration in habitat quality (Tweddle et al., 2009; Ellender and
Weyl, 2014). Protected areas by their very nature are designed to
safeguard against land-use impacts and land transformation, and
are thus automatically protected from direct threats to habitat
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TABLE 1 | Summary of protection level assessment results, with population target, number of protected areas taxa occur in, percentage target that is met, final
protection level and protection level based on representation only.








Pseudobarbus burchelli s.s. 5,000 2 4 Not protected Poorly protected*
Pseudobarbus verloreni 10,000 0 0 Not protected Not protected
Pseudobarbus skeltoni 10,000 1 15,1 Poorly protected Poorly protected
Pseudobarbus heuningnes 10,000 0 0 Not protected Not protected
Galaxias sp. nov. “Breede” 10,000 2 0,2 Not protected Poorly protected*
Pseudobarbus burgi 10,000 5 25 Poorly protected Moderately
protected*
Austroglanis barnardi 5,000 3 50 Moderately protected Moderately
protected
Austroglanis gilli 10,000 13 102 Well protected Well protected
Cheilobarbus capensis 10,000 1 0,1 Not protected Poorly protected*
Labeo seeberi 10,000 2 10 Poorly protected Poorly protected
Sedercypris erubescens 5,000 5 70,2 Moderately protected Well protected*
Pseudobarbus phlegethon 10,000 5 50 Moderately protected Moderately
protected
Pseudobarbus sp. nov. “Doring” 5,000 2 40 Poorly protected Poorly protected
Pseudobarbus asper 10,000 10 56 Moderately protected Well protected*
Sedercypris calidus 10,000 12 110,1 Well protected Well protected
Cheilobarbus serra 10,000 7 45 Poorly protected Moderately
protected*
Galaxias sp. nov. “Klein” 10,000 2 10 Poorly protected Poorly protected
Galaxias sp. nov. “Riviersonderend” 10,000 5 30 Poorly protected Moderately
protected*
Galaxias sp. nov. “Goukou” 5,000 1 20 Poorly protected Poorly protected
Galaxias sp. nov. “Heuningnes” 10,000 0 0 Not protected Not protected
Galaxias sp. nov. “slender” 10,000 0 0 Not protected Not protected
Galaxias sp. nov. “Verlorenvlei” 10,000 0 0 Not protected Not protected
Labeobarbus seeberi 10,000 12 75,1 Moderately protected Well protected*
Galaxias sp. nov. gourits 10,000 0 0 Not protected Not protected
Pseudobarbus sp. nov. “Breede” 10,000 21 147,1 Well protected Well protected
Pseudobarbus tenuis 10,000 22 190 Well protected Well protected
Pseudobarbus sp. nov. “Forest” 10,000 13 111 Well protected Well protected
Pseudobarbus afer 10,000 6 26 Poorly protected Moderately
protected*
Pseudobarbus tenuis “Keurbooms” 10,000 3 15 Poorly protected Moderately
protected*
Pseudobarbus senticeps 5,000 1 10 Poorly protected Poorly protected
Pseudobarbus swartzi 10,000 5 36 Poorly protected Moderately
protected*
An * indicates species that had a change in status due to the inclusion of effectiveness in the assessment.
diversity and quality (Keith, 2000). This is however only true
when the headwaters of the system as well as the catchment
area of the river is protected. Effective conservation of riverine
ecosystems thus require protection of entire catchments, which
is often not feasible due to scale and existing land-use practices
(Skelton et al., 1995). Historical and ongoing land transformation
have resulted in major impacts on both terrestrial and aquatic
habitats in lowland areas (Rouget et al., 2003a,b). Consequently,
the middle and lower reaches of most rivers are impacted by
unsustainable water abstraction, modification of natural flow
regimes, sedimentation and pollution (Russell, 2011; de Moor
and Day, 2013; Shelton et al., 2018). These impacts, coupled with
widespread and established populations of non-native piscivores
in mainstem habitats have resulted in highly fragmented native
fish populations that persist in headwater streams that act as
sanctuary areas (Chakona and Swartz, 2012).
Given the degraded state of the majority of mainstem rivers
in the region, coupled with reserve bias to high altitude areas,
it is expected that species rated as being “well protected” are
likely to be headwater specialists or widespread species that
occur in headwater habitats as well as in downstream sections
of larger tributaries. This is supported by our findings as species
that were evaluated as being “well protected” are mainly small-
bodied minnows. Some of these are headwater specialists, such
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FIGURE 1 | Bar chart indicating various protection level categories and the percentage of taxa in each category.
FIGURE 2 | Bar chart indicating the percentage of species present within various numbers of protected areas.
as the slender redfin Pseudobarbus tenuis. Others are habitat
generalists which can occur in high altitude mountain streams
while also extending into lower reaches of larger tributaries such
as the Breede River redfin Pseudobarbus sp. nov. “Breede” and the
Clanwilliam redfin Sedercypris calidus. Endemic to the Gouritz
system, P. tenuis is present in headwater streams on at least 22
formally protected areas and the majority of these populations
are viable and can be considered “well protected” based on recent
surveys of Swartberg Nature Reserve Complex and associated
provincial reserves. well protected headwater streams and rivers
will however only serve to protect native fish fauna in the
absence of predatory non-native species such as O. mykiss and
Micropterus spp. The typical cool and clear headwater streams of
the Cape Fold Mountains provide ideal habitat for the invasion
and establishment of O. mykiss. This can significantly reduce the
protection value of a protected area even in the absence of other
Frontiers in Environmental Science | www.frontiersin.org 7 December 2020 | Volume 8 | Article 502042
fenvs-08-502042 December 4, 2020 Time: 11:34 # 8
Jordaan et al. Conservation Areas Fail Freshwater Fish
FIGURE 3 | Percentage of species within each Protection Level given each threat category.
FIGURE 4 | Bar chart indicating the percentage taxa within each protection level category depending on method of assessment, protection level including
effectiveness (grey), and protection level excluding effectiveness (dark grey).
threats. Oncorhynchus mykiss is a global invader with deleterious
impacts on native biota in many parts of its introduced range
(Lintermans, 2000; Morgan et al., 2004; Arismendi et al., 2009).
For example, Shelton et al. (2014b) reported that in the Breede
River system, O. mykiss significantly reduced the densities of
three native fish species and completely displaced native fishes
at more than 50% of the study sites. While some Pseudobarbus
sp. nov. “Breede” populations are impacted by the presence of
O. mykiss and other invasive fishes, many populations occur in
protected areas upstream of invasion barriers, or in tributaries
where O. mykiss have not yet been introduced, such as the
Langeberg and Riviersonderend provincial reserves and their
associated mountain catchment areas.
In cases of species with more restricted current distribution
ranges, the presence of O. mykiss on protected areas may have
a more significant effect. In the case of the Berg River redfin
Pseudobarbus burgi, five of the eight known subpopulations
occur on formally protected areas where the headwaters are
within the protected area, thereby safeguarding against upstream
impacts (Jordaan et al., 2017). However, because O. mykiss
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has become established in these protected areas, the degree of
protection for P. burgi was evaluated as fair, resulting in the
species being listed as “poorly protected.” If the reserves where
P. burgi and O. mykiss co-occur (Jonkershoek and Haweqwa
provincial reserves and their associated mountain catchment
areas) can change management objectives to remove the trout
from these rivers, the protection value of these areas would
increase and the species would be “moderately protected.” The
feasibility of O. mykiss removal from these rivers however
remains to be determined.
Two other species that were evaluated as being “well
protected,” S. calidus and the Clanwilliam rock catfish
Austroglanis gilli, are both endemic to the Olifants-Doring River
system in the CFE. These two species have several well protected
populations within the greater Cederberg Nature Reserve
complex where they persist in headwater streams upstream of
invasion barriers (Van der Walt et al., 2017a,b). Micropterus
species are established invaders in the Olifants-Doring River
system where especially smallmouth bass M. dolomieu have
severely impacted native freshwater fishes in the system. Van
der Walt et al. (2016) conducted a comprehensive study of
Micropterus invasion in 41 tributaries of the Olifants-Doring
River system and demonstrated the critical role that instream
barriers play in restricting the movement of non-native species
and thus preventing localised extinctions of native fishes in
headwater streams situated in protected areas. Shelton et al.
(2014a) also highlighted the important role of instream barriers
in preventing upstream movement of M. dolomieu in the Witte
River, a tributary of the Breede river system located in the
Haweqwa Nature Reserve. Rahel (2013) proposed intentional
fragmentation as an active management strategy in cases where
non-native species pose a threat to remnant populations of
native species. Typically, a barrier is constructed, followed by
removal of non-native species, and reintroduction of native
species into upstream segments in a strategy known as isolation
management (Novinger and Rahel, 2003). This strategy was
successfully implemented in the Rondegat River in the CFE
where M. dolomieu was removed to allow a range expansion of
the native fish fauna (Weyl et al., 2014). This strategy should
however be evaluated within the context of potential long-term
genetic impacts associated with fragmentation and isolation
(Fausch et al., 2009; Chakona et al., 2020).
When considering the protection of larger cyprinids that
are more reliant on mainstream habitat, the present study
showed that only one species, the Clanwilliam yellowfish
Labeobarbus seeberi can be considered to be “moderately
protected.” This species is endemic to the Olifants-Doring River
system and occurs in 12 protected areas where it has several
viable populations upstream of invasion barriers. Removal of
M. dolomieu from the Rondegat River allowed this species to
expand its range by about 4 km (Weyl et al., 2014). The two other
large cyprinids endemic to this system, the Clanwilliam sandfish
Labeo seeberi and the Clanwilliam sawfin Cheilobarbus serra were
evaluated as being “poorly protected.” However, C. serra is very
close to meeting the criteria for “moderately protected.” Although
this species is present on seven protected areas, the effectiveness
for some of these areas was rated as fair, given that the headwaters
are not protected and thus open to potential invasion by non-
native species and impacts related to poor land-use. Examples are
the Winterhoek mountain catchment area where the headwaters
of the Olifants River originate and the Oorlogskloof Provincial
Nature Reserve with the Oorlogskloof River, which has its source
closer to the town of Calvinia in the Northern Cape Province.
In contrast to C. serra, Labeo seeberi is only present in
two protected areas and narrowly meets the criteria for being
“poorly protected.” This species was historically widespread
in the Olifants-Doring system prior to the introduction of
non-native fish and the construction of large instream dams
such as Clanwilliam Dam (Van Rensburg, 1966; De Moor and
Bruton, 1988). It now persists as a few fragmented and non-
viable isolated subpopulations with the exception of the viable
population in the Oorlogskloof Provincial Nature Reserve. The
whitefish Cheilobarbus capensis (formerly Barbus andrewi), is
currently restricted to the Breede River system and is also poorly
represented within the current protected area network as it
only intersects with a single protected area, Bontebok National
Park. Here the mainstem Breede River is dominated by non-
native fishes, and the presence and survival of C. capensis is
uncertain. This species is listed as EN and it persists mainly within
man-made impoundments outside of the formal protected area
network (Impson et al., 2017).
In addition to non-native fishes, impacts associated with poor
land-use practices and inadequate management of surface water
resources can affect native fish populations both within and
outside formally protected areas. Most of the CFE has a typical
Mediterranean climate characterised by winter rainfall and hot
and mostly dry summers. These climatic conditions, coupled
with the water demand of a rapidly increasing population,
result in severe utilisation pressure on water resources (Allsopp
et al., 2014). This is not unique to the Western Cape Province,
but is characteristic of many arid and semi-arid areas of the
world (Collares-Pereira and Cowx, 2004). Unsustainable water
abstraction can have deleterious consequences for freshwater
fishes and their aquatic ecosystems, including reduced habitat,
suboptimal flow and temperature conditions, restriction of
migration and destruction of spawning areas (Maceda-Veiga,
2013). Species such as the smallscale redfin Pseudobarbus asper,
which is adapted to mainstem river conditions, are especially
vulnerable to excessive water abstraction, unsustainable land-
use activities and anthropogenic pollution (Skelton, 2001). This
species has a natural distribution range that includes both the
Gouritz and Gamtoos systems and it currently occurs on 10
protected areas. Despite this, P. asper narrowly meets the criteria
for “moderately protected” as many of the lowland protected
areas where it occurs are at risk of non-native fish invasion from
both upstream and downstream sources, with excessive water
abstraction in upstream areas posing considerable alteration
of hydrological regimes in downstream sections. Examples are
the Swartberg and Anysberg Provincial Nature Reserves that
both have viable P. asper populations, but these populations
are being impacted by significant water abstraction upstream
of the reserves.
Impacts related to water over-abstraction are likely to worsen
in future given climate change models that predict an increasingly
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dry climate, with a reduced period of river flow and temperature
increases, thereby reducing water quality and quantity for aquatic
species such as freshwater fish (Dallas et al., 2019). Shelton
et al. (2018) reported that native fish species are vulnerable to
the impacts of climate change, specifically in the CFE. Climate
change was however not included in the current assessment of
protection level of species due to the high level of uncertainty
of specific impacts on each species and how they interact within
the protected areas. Future assessments need to include climate
change as a threat requiring mitigation. This is possible as the
National Protected Area Expansion Strategy (NPAES) includes as
part of its criteria for protected area expansion the need for it to
be resilient to climate change. With the recent drought (2015-
present) affecting many parts of the CFE, boreholes have been
installed in some protected areas in the region as precautionary
measures to ensure water security in highly populated areas.
However, the impact of these boreholes within protected areas
are currently unknown.
Our results further illustrate that only considering species
representation within protected areas and not protected area
effectiveness as well, can lead to an overestimation of the value
of protected areas for freshwater fishes of the CFE. This may be
misleading for conservation prioritisation efforts and associated
conservation interventions. The latter is highly relevant for the
management of non-native fishes, which play a significant role
in determining whether a protected area can function to protect
fish species, as they are the main driver for reduced protection.
Given the highly threatened status of the majority of freshwater
fish species of the CFE, the ongoing discovery of new highly
threatened lineages and the well-documented impacts of non-
native fishes, there is a significant need for preventing new
invasions and managing the impacts of invasions in formally
protected areas. Weyl et al. (2015) highlighted the complexities
associated with managing non-native fish invasions on protected
areas once utilisation of a species is established. An example
of conflicting management objectives is the management of
introduced trout populations on Limietberg Nature Reserve for
sustainability by a local angling group, which is incompatible
with conservation objectives for the newly described Giant redfin
P. skeltoni. Historically, this species was widely distributed across
the Breede River system (Kadye et al., 2016), but currently
it persists as three fragmented subpopulations as a result of
the impacts of invasive fish. It was assessed as being “poorly
protected” as well as Endangered, highlighting the need for
active conservation intervention. It should also be noted, that
the understanding of how multiple threats interact can assist in
adaptive management decisions, and recent work using Bayesian
Networks and Adverse Outcome Pathways research could be
explored to improve understanding of multiple interacting
threats (Mitchell et al., 2018) and provide important insights on
effective management strategies.
In conclusion, the methodology used in this study can provide
an indication of how well species are protected for persistence
into the future, as the current protection level of a species
relative to a minimum viable population is considered. Species
identified as being “not protected” or “poorly protected” should,
along with threatened species, be prioritised for identification
and implementation of active conservation interventions and
inclusion in protected area expansion processes. Acreman
et al. (2019) proposed a number of actions to enhanced
protected area effectiveness, most of which are applicable to
the current scenario. Active conservation interventions that can
be implemented on-reserve include the localised management
of non-native fish to benefit highly threatened native fish
fauna, coupled with the construction of barriers to prevent
re-invasion (Weyl et al., 2014). These intervention measures
should aim to include an active environmental awareness
component to involve stakeholders, especially in the cases
where so-called “conflict species” are involved. Other on-reserve
management actions that will benefit freshwater fishes include
the management of invasive alien vegetation to maintain intact
riparian zones and to minimise the impact of fires. Forest fires
are often overlooked as a threat to aquatic ecosystems but can
cause significant impacts such as excessive sedimentation, bank
destabilisation, changes in shading patterns and the release of
toxic polycyclic aromatic hydrocarbons (Maceda-Veiga, 2013).
Threats related to the alteration of flow regimes and surface
water availability originate mostly outside protected areas and
are therefore much more challenging to mitigate. In these
cases, conservation managers are largely reliant on efficient
implementation of national legislation, such as the National
Water Act (Act 36 of 1998). Water use on protected areas, such
as the utilisation of boreholes or diversion weirs, are mostly
included in formal protected area management plans with clear
goals and strategies towards sustainability and conservation of
aquatic ecosystems, both on the protected area and downstream
(Nel et al., 2009).
A limitation of the methodology is that some species would
never be classified as “well protected” due to their small total
population size and highly restricted natural distribution ranges.
These species are thus not necessarily “under protected” due
to the network not including them, there are merely not
enough populations to meet the conservation target of 10
viable populations. Furthermore, the analysis was conducted with
the best available distribution data for the species considered
and for some species there are few recent records. More
field surveys are required to confirm the status of populations
within various protected areas and to identify pressures that
may not be alleviated by the protected areas. Based on this
assessment as well as the species Red List assessments, the
primary threat to these species are non-native fishes. Hence
improved distribution data for non-native fishes in protected
areas, along with the geographical location of invasion barriers,
will enhance biodiversity conservation and management in the
CFE. Impacts unrelated to non-native fish such as pollution,
changes in flow regimes and impacts on habitat quality may be
more challenging to assess spatially, especially those located in
lowland areas. Multiple stressors can also interact to produce
antagonistic, additive or synergistic effects (Jackson et al., 2016).
Modelling the risk of invasive species relative to other stressors
should be explored to inform future assessments of protected area
effectiveness. In order to test the robustness of the methodology
and replicability of the results, it should be applied to other
ecoregions of Southern Africa. It can also be expanded to other
Mediterranean-type ecosystems such as the Iberian Peninsula
that has a high number of threatened freshwater fishes and is
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faced with similar threats to the CFE (Maceda-Veiga, 2013).
The outcome of this work should not only inform conservation
planning and protected area expansion but should also form
part of the development of protected area management
plans and their associated monitoring and management
goals. Protection level assessments of species should also
be considered during Red List Assessments, as this would
inform the conservation actions needed for the specific species
being assessed.
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